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(54) Electronic device fabrication apparatus 

(57) An electronic device fabrication apparatus a re- 
action chamber; a cathode electrode and an anode elec- 
trode opposed to each other in the reaction chamber; a 
gas introduction pipe introduced into the reaction cham- 
ber for supplying reaction gas into the reaction chamber, 
the gas introduction pipe being electrically connected to 
the cathode electrode; and a high frequency power gen- 



eration device for applying high frequency lower having 
a high exciting frequency which is included in one of a 
VHF band and a UHF band to the cathode electrode 
through the gas introduction pipe for exciting the reac- 
tion gas into a plasma state. The gas introduction pipe 
includes an impedance adjusting device for adjusting an 
impedance of the gas introduction pipe. 
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Description 

BACKGROUND OF THE INVENTION 

5 1. FIELD OF THE INVENTION: 

The present invention relates to an electronic device fabrication apparatus which is specifically suitable as a plasma 
chemical vapor deposition apparatus usable for forming a semiconductor thin film formed of amorphous silicon hydride 
and an insulative film, or suitable as a plasma etching apparatus usable for processing a semiconductor device, a liquid 
io crystal device and the like. In this specification, plasma chemical vapor deposition will be referred to as "plasma CVD", 
and amorphous silicon hydride will be referred to as "a-Si:H". 

2. DESCRIPTION OF THE RELATED ART: 

15 Today, electronic device fabrication apparatuses, such as, for example, plasma CVD apparatuses and plasma 

etching apparatuses are in wide use for fabricating metal films, semiconductor films, dielectric films and crystalline 
wafers. 

An exciting frequency of a high frequency power supply for generating piasma used in most of such electronic 
device fabrication apparatuses is of a radiowave (frequency: around 13.56 MHz; also referred to as "RF" or high fre- 

20 quency "HF") or of a microwave (frequency: around 2.45 GHz; also referred to as "MW"). 

Recent active studies in on plasma physics have found theoretically, as well as based on experiments, that an 
intermediate frequency band between the radioactive wave frequency band and the microwave frequency band is 
suitable for use in fabrication of electronic devices. The intermediate frequency band includes a band of around 100 
MHz which is referred to as the "VHF" (very high frequency) band and a band around several hundred megahertz 

25 which is referred to as the "UHF" (ultra high frequency) band. 

A. A. Howling, et al., "J. Vac. Sci. Technol. A10 (1992), page 1080°, for example, describes dependency of SiH 4 
plasma on frequency in the case where the VHF band is used for an exciting frequency. T. Kitamura et al., "Plasma 
Sources Sci. Technol. 2 ( 1 993), pp. 40-45" and "S. Oda, Plasma Sources Sci. Technol. 2 (1 993), pp. 26-29 ", for example, 
describe effects of using the VHF band for an exciting frequency. 

30 Japanese Laid-Open Publication No. 6-771 44 describes a usable high frequency range, and Japanese Laid-Open 

Publication No. 6-5522 describes the use of high frequency power which is permitted by altering the surface structure 
of a cathode electrode. Japanese Laid-Open Publication No. 7-273038 describes insertion of an insulative pipe in an 
intermediate portion of a gas introduction pipe which is used for introducing gas into a reaction chamber. The above- 
mentioned publication also describes a technology regarding the position and the inner diameter of the insulative pipe. 

35 Figure 14 is a schematic view of a conventional plasma CVD apparatus 700. The conventional plasma CVD ap- 

paratus 700 includes a reaction chamber 5. The reaction chamber 5 accommodates a cathode electrode 2 and an 
anode electrode 4 which are opposed to each other. The anode electrode 4 has a substrate 6 provided on a surface 
thereof which faces the cathode electrode 2. The reaction chamber 5 further accommodates a heater 7 provided on a 
rear wall 5b thereof. 

40 Reaction gas 8 is introduced into the reaction chamber 5 through a gas introduction pipe 1 . One end 1 a of the gas 

introduction pipe 1 is connected to the cathode electrode 2. The reaction gas 8 is blown into the reaction chamber 5 
through a gas ejection hole (not shown) formed in the cathode electrode 2. The gas introduction pipe 1 has an insulative 
pipe 10 in an intermediate portion thereof. A high frequency power generation device 3, including a high frequency 
power supply 3a and a matching circuit 3b, is provided in the vicinity of the end 1a of the gas introduction pipe 1 . 

45 Use of an intermediate region between the RF and the MW as an exciting frequency of the high frequency power 

supply 3a is advantageous for (1 ) increasing the plasma density in proportion to the square of the frequency and (2) 
realizing such a high plasma density by a relatively low potential. 

Advantage (1) above refers to the fact that the film deposition rate increases in proportion to the square of the 
frequency in the case where the intermediate region is used for film deposition, and refers to the fact that the etching 

so rate increases in proportion to the square of the frequency in the case where the intermediate region is used for etching. 
Accordingly, the fabrication efficiency of electronic devices is enhanced. 

Advantage (2) above restricts plasma damage, i.e., damage on the film or substrate caused by ions contained in 
the plasma even during the high rate film formation or etching. 

Figure 15 is a graph illustrating impedances in the reaction chamber 5 and the gas introduction pipe 1 with respect 

55 to the frequency in the plasma CVD apparatus 700. When only a voltage having a frequency in the RF band is used 
for generating plasma, impedance IZI between the cathode electrode 2 and the anode electrode 4 in the reaction 
chamber 5 is about 10 to 20 Q, whereas impedance IZI in the gas introduction pipe 1 is as high as about 300 Q. 
Accordingly, very little high frequency power is supplied to the gas introduction pipe 1 , which permits electric discharge 
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to occur in the reaction chamber 5. 

In an electronic industry which is referred to as giant microelectronics, such as solar cells and liquid crystal display 
devices using thin films formed of a-Si:H-type materials, substrates have a relatively great length of, for example, about 
40 to 60 cm. In order to realize a high throughput, a reaction chamber for processing a plurality of such large substrates 

5 at one time is required. For a semiconductor device fabrication apparatus, for example, it is very important that a 
plurality of substrates should be processed at one time in order to realize a high throughput. 

For the above-described reasons, a reaction chamber unavoidably has a side of as great as about 1 meter. More 
specifically, surfaces of the cathode electrode and the anode electrode which face each other, i.e., electrode surfaces 
need to be increased. The size of the electrode surfaces is in the same order as that of the wavelength of the VHF band. 

io Therefore, in order to realize a high throughput, it is necessary to use a frequency in the VHF or UHF band, which 

corresponds to the size of the fabrication apparatus (i.e., size of the reaction space between the cathode electrode 
and the anode electrode) as an exciting frequency supplied from the high frequency power supply. With the prior art 
described in Japanese Laid-Open Publication No. 6-77144, 6-5522 and 7-273038, the following problems (1) and (2) 
occur. Due to such problems, utilization of plasma generated in the reaction space over a large surface area is pre- 

is vented. 

(1 ) The increase in size of the cathode electrode and the anode electrode increases the floating capacitance, which 
raises the impedance between the cathode electrode and the anode electrode, i.e., the impedance in the reaction 
chamber. 

Especially in the plasma CVD apparatus 700 (Figure 14) described in Japanese Laid-Open Publication No. 
20 7-273038, in which the insulative pipe 10 is provided in an intermediate portion of the gas introduction pipe 1, when 
high frequency power in the VHF band is supplied, the insulative pipe 10 has a capacitance. The capacitance causes 
resonance, and as a result, impedance IZI in the gas introduction pipe 1 becomes smaller than impedance IZI in the 
reaction chamber 5. 

As a consequence, the high frequency power is absorbed by the insulative pipe 10 in the gas introduction pipe 1, 
25 and the insulative pipe 10 is heated excessively. Therefore, the amount of power introduced to the reaction chamber 
5 is reduced, thus preventing electric discharge between the cathode electrode 2 and the anode electrode 4. 

Moreover, such a phenomenon can disadvantageously melt and destroy the insulative pipe 10 and thus cause 
safety problems. 

(2) In the case when the high frequency power is absorbed in the insulative pipe 10 in the gas introduction pipe 1 
30 as described above, electrolytic dissociation of the reaction gas can disadvantageously occur; i.e., the reaction gas is 

disadvantageously converted into a plasma state. 

When gas used for film formation or dry etching is electrolytically dissociated before being introduced to the reaction 
chamber, the film formation or etching is not performed. Furthermore, generation of plasma is not performed in the 
reaction chamber. For example, when SiH 4 gas, which is used for forming a silicon film in the reaction chamber, is 
35 electrolytically dissociated before being introduced into the reaction chamber, silicon loses its reaction activity and 
enters the reaction chamber in a microscopic powder state. Silicon in such a state causes, for example, deterioration 
in film quality and particle contamination. 

Accordingly, the gas introduction pipe is preferably structured to prevent the electrolytic dissociation. 

40 SUMMARY OF THE INVENTION 

An electronic device fabrication apparatus according to the present invention includes a reaction chamber; a cath- 
ode electrode and an anode electrode opposed to each other in the reaction chamber; a gas introduction pipe introduced 
into the reaction chamber for supplying reaction gas into the reaction chamber, the gas introduction pipe being elec- 
ts trically connected to the cathode electrode; and a high frequency power generation device for applying a high frequency 
voltage having a high exciting frequency which is included in one of a VHF band and a UHF band to the cathode 
electrode through the gas introduction pipe for exciting the reaction gas into a plasma state. The gas introduction pipe 
includes an impedance adjusting device for adjusting an impedance of the gas introduction pipe. 

In one embodiment of the invention, the impedance adjusting device adjusts the impedance of the gas introduction 
50 pipe to be higher than an impedance of the reaction chamber. 

In one embodiment of the invention, the impedance adjusting device includes an insulative pipe having an adjust- 
able length which is provided in an intermediate portion of the gas introduction pipe as a part of the gas introduction 
pipe, and a capacitance C which is variable by adjusting the length of the insulative pipe is an impedance adjusting 
capacitance C v 

55 in one embodiment of the invention, the impedance adjusting capacitance fulfills expression (1): 
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|(27t.f)L F -1/(27t.f)Cp| < \(2n-i)L-V(2n-1)C,\ (1) 



where: 



k: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode for a DC voltage, 
10 C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 

and a portion having a ground potential, and 

L: inductance at a position which is electrically connected in series to the insulative pipe in the gas introduction pipe. 

In one embodiment of the invention, the gas introduction pipe has an insulative pipe in an intermediate portion 
15 thereof, the impedance adjusting device includes another portion provided in the gas introduction pipe in serial con- 
nection with the insulative pipe, and the another portion has an adjustable length and has an impedance adjusting 
inductance L,. 

in one embodiment of the invention, the inductance impedance adjusting inductance L, fulfills expression (2): 



|(27t.f)L F -1/(27c.f)Cpj < \(2KJ)L^/(2n-i)C\ (2) 



where: 



25 k: ratio of the circumference of the circle to the diameter, 

f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, and 

C: capacitance between the insulative pipe and the portion having the ground potential. 



In one embodiment of the invention, the gas introduction pipe has an insulative pipe in an intermediate portion 
thereof, the impedance adjusting device includes another portion provided in the gas introduction pipe in serial con- 
35 nection with the insulative pipe, and the another portion has an impedance adjusting inductance Lg and connected in 
parallel to the gas introduction pipe. 

In one embodiment of the invention, the inductance impedance adjusting inductance l_2 fulfills expression (3): 

40 |(27u.f)L F -1/(27i.f)C F | < |(27t.f)(1/(1/L+1/L 2 ))-1/(27i.f)q (3) 

where: 



k: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, 

L: inductance at a position which is electrically connected in series to the insulative pipe in the gas introduction 
pipe, and 

C: capacitance between the insulative pipe and the portion having the ground potential. 

In one embodiment of the invention, the gas introduction pipe has an insulative pipe in an intermediate portion 
thereof, and the impedance adjusting device includes a groove structure provided on an inner surface of the insulative 
pipe. 

In one embodiment of the invention, the gas introduction pipe has an insulative pipe in an intermediate portion 



BNSDOCID: <EP 0887836A2 I > 



EP 0 887 836 A2 

thereof, and the impedance adjusting device includes another portion having an inductance L 3 which is connected to 
the insuiative pipe in parallel. 

In one embodiment of the invention, the inductance impedance adjusting inductance L 3 fulfills expression (4): 



|(27i.f)L F -1/(27cf)C F | < |l/((2K f)C-1/(27t.f)L 3 )| (4) 

where: 

k: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, and 

C: capacitance between the insuiative pipe and the portion having the ground potential. 

In one embodiment of the invention, the impedance adjusting device includes a coil having an inductance pro- 
vided in an intermediate portion of the gas introduction pipe. 

In one embodiment of the invention, the inductance impedance adjusting inductance L 4 fulfills expression (5): 



|(27i.f)L F -1/(27i.f)C^ < |(27i.f)(L + L 4 )| (5) 

25 where: 



k: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, and 

L: inductance of a portion of the gas introduction pipe other than the coil, the portion being provided at a position 
connected to the coil having an inductance L 4 in series between a position having the same potential as that of 
the cathode electrode for a DC voltage and the position having the ground potential. 

Thus, the invention described herein makes possible the advantage of providing an electronic device fabrication 
apparatus which permits large-area utilization of plasma generated at an exciting frequency in the VHF or UHF band 
and thus is suitable as a plasma CVD apparatus or a plasma etching apparatus providing a high throughput. 

This and other advantages of the present invention will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with reference to the accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic circuit diagram illustrating the concept of the present invention; 

Figure 2 is a schematic view of a plasma CVD apparatus in a first example according to the present invention; 

Figure 3 is a graph illustrating impedances in a reaction chamber and a gas introduction pipe with respect to the 
frequency in the plasma CVD apparatus shown in Figure 2; 

Figure 4 is a schematic view of a plasma CVD apparatus in a second example according to the present invention; 



Figures 5 and 6 are graphs illustrating impedances in a reaction chamber and a gas introduction pipe with respect 
to the frequency in the plasma CVD apparatus shown in Figure 4; 

Figure 7 is a schematic view of a plasma CVD apparatus in a third example according to the present invention; 
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Figure 8 is a graph illustrating impedances in a reaction chamber and a gas introduction pipe with respect to the 
frequency in the plasma CVD apparatus shown in Figure 7; 

Figure 9 is a schematic view of a plasma CVD apparatus in a fourth example according to the present invention; 

5 

Figure 10 is a graph illustrating impedances in a reaction chamber and a gas introduction pipe with respect to the 
frequency in the plasma CVD apparatus shown in Figure 9; 

Figure 11 is a schematic view of a plasma CVD apparatus in a fifth example according to the present invention; 

70 

Figure 12 is a graph illustrating impedances in a reaction chamber and a gas introduction pipe with respect to the 
frequency in the plasma CVD apparatus shown in Figure 11; 

Figure 13 is a schematic view of a plasma CVD apparatus in a sixth example according to the present invention; 

15 

Figure 14 is a schematic view of a conventional plasma CVD apparatus; and 

Figure 15 is a graph illustrating impedances in a reaction chamber and a gas introduction pipe with respect to the 
frequency in the conventional plasma CVD apparatus shown in Figure 14. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be described by way of illustrative examples with reference to the accom- 
panying drawings. 

25 As used throughout the specification, the VHF band refers to a frequency band of several ten to several hundred 

megahertz exceeding the RF band (1 3.56 MHz), and the UHF band refers to a frequency band of several hundred to 
several tens of hundred megahertz. 

With reference to Figure 1, the concept of the present invention will be described. 

According to the present invention, the ratio between an amount P G and an amount P P of high frequency power 
30 p out> having an exciting frequency f in the VHF band or the UHF band provided by the high frequency power supply, 
is adjusted. The amount P G flows to the ground via an impedance adjusting device, and the amount P P flows to a 
cathode electrode. The ratio is determined by the relationship between impedance IZy, regarding the amount P G , in 
a gas introduction pipe and impedance IZ-,1, regarding the amount P P , in a reaction chamber. In this specification, an 
impedance caused by a path between branching point D and the cathode electrode (the path corresponding to a part 
35 of the gas introduction pipe) is ignored because this impedance is significantly small compared to impedances IZgl and 
IZ 1 1. It is possible to provide another impedance adjusting device in the path so as to adjust a high frequency voltage 
applied to the cathode electrode. 

In the following examples, the impedance adjusting device is adjusted so that impedance IZ^i in the gas introduction 
pipe is greater than impedance IZ^ in the reaction chamber when the high frequency power is supplied. Such an 
40 adjustment allows the high frequency voltage having a frequency in the VHF or UHF band to be applied to the cathode 
electrode at a sufficient level to generate plasma. 

In the following example, identical elements previously discussed with respect to Figure 1 4 bear identical reference 
numerals and the descriptions thereof will be omitted. 

45 (Example 1) 

In a first example according to the present invention, a plasma CVD apparatus 100 to which the present invention 
is applied will be described. 

As shown in Figure 2, the plasma CVD apparatus 100 includes a reaction chamber 5 having rectangular side 
so surfaces longer in an X direction than in a Y direction, a gas introduction pipe 1 provided outside the reaction chamber 
5 for introducing reaction gas into the reaction chambers, and a high frequency power generation device 3 connected 
to the gas introduction pipe 1. 

The reaction chamber 5 accommodates an internal-type square cathode electrode 2 having, for example, 700 mm 
long sides and a square anode electrode 4 having, for example, 750 mm long sides which are opposed to each other. 
55 The cathode electrode 2 and the anode electrode 4 are apart from each other by an appropriate gap in a Y direction. 
In this example, the gap is 2.5 cm. The cathode electrode 2 is electrically connected to a wall of the reaction chamber 
5 and has a ground potential. A substrate 6 is provided on a surface 4a of the anode electrode 4 which faces the 
cathode electrode 2, i.e., an electrode surface of the anode electrode 4. A heater 7 is provided on a rear wall 5b of the 
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reaction chamber 5. The reaction chamber 5 has discharge outlets 5a at a top end and a bottom end of a front wall 5c 
of the reaction chamber 5. 

One end 1a of the gas introduction pipe 1 is electrically connected to the cathode electrode 2 and another end 
(not shown) of the gas introduction pipe 1 is connected to a gas source (not shown). The gas introduction pipe 1 has 
s an insulative pipe 14 in an intermediate portion thereof. The insulative pipe 14 is bellow-like and is formed of poly- 
tetrafluoroethylene (e.g., Teflon®) having a dielectric constant of about 3.0. The insulative pipe 1 4 acts as an impedance 
adjusting device, and the size thereof in a Y direction (i.e., length) is adjustable. The rest of the gas introduction pipe 
1 is formed of stainless steel. 

A surface 2a of the cathode electrode 2 which faces the anode electrode 4, i.e., an electrode surface of the cathode 
io electrode 2 has a plurality of through-holes (not shown). The reaction gas 8 flowing in the gas introduction pipe 1 is 
introduced through the through-holes to a reaction space between the cathode electrode 2 and the anode electrode 4. 

The high frequency power generation device 3 includes a high frequency power supply 3a and a matching circuit 
3b. The matching circuit 3b is electrically connected to the gas introduction pipe 1 in series. In the plasma CVD appa- 
ratus 100, the exciting frequency f for generating plasma is set to be 54.24 MHz, which is in the VHF band. The matching 
15 circuit 3b is provided for adjusting an input impedance. 

In the plasma CVD apparatus 100, impedance IZ-, I in the reaction chamber 5 is expressed as IZ 1 l=l(2ji«f)L F -1/ 
(27i-f)C F l, and impedance IZ 2 I in the gas introduction pipe 1 is expressed as IZ^i = l(2rc-f)L-1/(2n-f)C 1 1, where: 

n: ratio of the circumference of the circle to the diameter, 
20 f ; exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as that 
of the cathode electrode 2 for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode 2 for a DC voltage 
and a portion having a ground potential, 
25 L: inductance at a position which is electrically connected in series to the insulative pipe 14 in the gas introduction 

pipe, and 

C^ capacitance of the insulative pipe 14. 

Inductances L F and L and capacitances C F and C 1 are schematically shown in Figure 2. 
30 The length of the insulative pipe 14 is adjusted so that impedance IZ 2 I in the gas introduction pipe 1 is greater than 

impedance IZ 1 1 in the reaction chamber 5, i.e., IZ-jk^l. More specifically, the length of the insulative pipe 14 is adjusted 
so as to fulfill expression (1 ), so that capacitance C-, of the insulative pipe 14 acts as an impedance adjusting capac- 
itance. 

|(27c.f)L F -1/(2jc.f)C F J< |(2n-f)L-1/(2n-f)C 1 | (1) 

More specifically, the exciting frequency f for generating plasma is 54.24 MHz which is in the VHF band. The 
insulative pipe 14 is adjusted to change capacitance C 1 from 30 pF (conventional value; see Figure 15) to 10 pF. 

40 Assuming that inductance L in the gas introduction pipe 1, which is equivalent to the change in capacitance C-,, is 0.2 
uJH, the values of C F , L F and C-, in Figure 3 are substituted into expression (1). As a result, IZ-,1 = l(2rc-f)L F -1/(2n-f) 
C F I=40 £2 (reaction chamber 5), and IZ 2 I = l(2n-f)L-1/(2n*f)C 1 l = 250 Q (gas introduction pipe 1). Thus, it is confirmed 
that plasma is generated in the reaction chamber 5 at a frequency of up to about 80 MHz, which is in the VHF band 
which exceeds the RF band, as illustrated in Figure 3. 

45 As described above, the plasma CVD apparatus 100 allows the impedance in the gas introduction pipe 1 to be 

adjusted to be greater than the impedance in the reaction chamber 5 with relative ease. Accordingly, plasma which is 
generated using an exciting frequency in the VHF or UHF band is utilized over a large area in the reaction space, and 
thus a sufficiently high throughput is achieved. 

50 (Example 2) 

In a second example according to the present invention, a plasma CVD apparatus 200 to which the present in- 
vention is applied will be described. 

As shown in Figure 4, the plasma CVD apparatus 200 includes a coil pipe 11 in an intermediate portion of the gas 
55 introduction pipe 1 . The coil pipe 1 1 has a variable length and thus acts as an impedance adjusting device. The length 
of the insulative pipe 10 is not variable. The coil pipe 11 is connected to the insulative pipe 10 in series. Except for 
these points, the plasma CVD apparatus 200 has substantially the same structure with that of the plasma CVD appa- 
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ratus 100. The insulative pipe 10 has capacitance C of 30 pF. 

Referring to Figure 15 regarding the conventional plasma CVD apparatus 700 shown in Figure 14, the impedance 
in the reaction chamber 5 is significantly lower than the impedance in the gas introduction pipe 1 in the RF band (around 
1 0 MHz). In contrast, in the VHF band (for example, 50 to 60 MHz), the impedance in the reaction chamber 5 is higher 
5 than the impedance in the gas introduction pipe 1 . Accordingly, when high frequency power having a frequency in the 
VHF band is introduced from the high frequency power supply 3a, the power is supplied to the gas introduction pipe 
1 Therefore, plasma is not generated in the reaction chamber 5. 

In the plasma CVD apparatus 200 in the second example, the length of the coil pipe 1 1 is varied to adjust inductance 
of the gas introduction pipe 1, so that impedance IZ 2 I in the gas introduction pipe 1 is greater than impedance IZ^ 
10 in the reaction chamber 5. 

Impedance \Z A I in the reaction chamber 5 is expressed as IZ 1 l=l(27c-f)L F -1/(27c f)C F i, and impedance IZgl in the gas 
introduction pipe 1 is expressed as 1^1=1(271^)^-1/(271^)01, where C is capacitance between the insulative pipe and 
a portion having a ground potential. Capacitance C is schematically shown in Figure 4. Inductance Lj is adjusted so 
as to fulfill expression (2). 

15 

|(27i.f)L F -1/(27t.f)C^ <|(27i.f)L 1 -1/(2n.f)C| (2) 

More specifically, inductance L, is set to be, for example, 0.02 uJH (Figure 5) or 0.005 \xH (Figure 6), so that im- 
20 pedance IZ 2 I in the gas introduction pipe 1 is greater than impedance IZ n l in the reaction chamber 5. The exciting 
frequency f for generating plasma is 54.24 MHz, which is in the VHF band. The values of C F , L F , and C in Figure 5 or 
6 are substituted into expression (2). As a result, impedance IZ 2 i in the gas introduction pipe 2 is 100 ft when inductance 
Lt is 0.02 uH and 1 05 ft when inductance is 0.005 u,H, whereas, impedance IZ-, I in the reaction chamber 5 is about 
40 ft. 

25 in either case, impedance IZ 2 I in the gas introduction pipe 1 is greater than impedance IZ 1 1 in the reaction chamber 

5. Thus, the plasma CVD apparatus 200 provides the same effect as that of the plasma CVD apparatus 100 in the first 
example. 

(Example 3) 

30 

In a third example according to the present invention, a plasma CVD apparatus 300 to which the present invention 
is applied will be described. 

As shown in Figure 7, the plasma CVD apparatus 300 includes a coil set 12 acting as an impedance adjusting 
device. The coil set 12 includes a plurality of coils (three in Figure 7) connected in parallel, each having a switch 13. 
35 The length of the insulative pipe 10 is not variable. Except for these points, the plasma CVD apparatus 300 has the 
substantially the same structure as that of the plasma CVD apparatus 100 in the first example. 

in the plasma CVD apparatus 300, the switches 13 of the coil set 12 are turned on or off so as to change inductance 
L 2 of the coil set 12, so that impedance IZ 2 I in the gas introduction pipe 1 is greater than impedance IZ^ in the reaction 
chambers. 

40 Impedance IZ^ in the reaction chamber 5 is expressed as IZ 1 1= I (2ix-f ) L F - 1 /(27c-f )C F I, and impedance IZ 2 I in the gas 

introduction pipe 1 is expressed as IZ 2 l=l(27i-f)(1/(1/L+l/L 2 ))-1/(27i.f)CI. Inductance L 2 is adjusted so as to fulfill expres- 
sion (3). 

45 |(27i.f)L F -1/(27i-f)C F |<|(27t.f)(1/(1/L+1/L 2 ))-1/(27i.f)q (3) 

More specifically, inductance L, is set to be, for example, 0.02 pH, so that impedance IZgl in the gas introduction 

pipe 1 is greater than impedance IZ-,1 in the reaction chamber 5. The exciting frequency f for generating plasma is 

81 .36 MHz, which is in the VHF band. The values of C F , L F , L and C in Figure 8 are substituted into expression (3). 

50 As a result, impedance IZ 2 I in the gas introduction pipe 1 is 190 ft, whereas impedance IZ^ in the reaction chamber 

5 is 70 ft. Thus, the plasma CVD apparatus 300 provides the same effect as that of the plasma CVD apparatuses 100 

and 200 in the first and second examples. 
*. 

(Example 4) 

55 

In a fourth example according to the present invention, a plasma CVD apparatus 400 to which the present invention 
is applied will be described. 
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As shown in Figure 9, the plasma CVD apparatus 400 includes an insulative pipe 10 which is not variable in length 
and a coil 19 acting as an impedance adjusting device. The insulative pipe 10 and the coil 19 are connected in parallel. 
The coil 19 has inductance L 3 . Except for these points, the plasma CVD apparatus 400 has the substantially the same 
structure as that of the plasma CVD apparatus 100 in the first example. 

In the plasma CVD apparatus 400, the inductance L 3 of the coil 19 is adjusted, so that impedance IZgl in the gas 
introduction pipe 1 is greater than impedance IZ 1 1 in the reaction chamber 5. 

Impedance IZ^ in the reaction chamber 5 is expressed as \Z,\ = l(2jt.f)L F -1/(27t-f)C F l, and impedance IZ 2 I in the 
gas introduction pipe 1 is expressed as IZ 2 l=l1/((2jt-f)C-1/(27t-f)L 3 )l. Capacitance C and inductance L 3 are schematically 
shown in Figure 9. Inductance L 3 is adjusted so as to fulfill expression (4). 

|(2n.f)L F -1/(27i.f)C F | < |l/((27t.f)C-1/(2rc.f)L 3 )| (4) 

More specifically, inductance L 3 is set to be, for example, about 0.13 uJ-l, so that impedance IZ 2 I in the gas intro- 
75 duction pipe 1 is greater than impedance IZ n I in the reaction chamber 5. The exciting frequency f for generating plasma 
is 81.36 MHz, which is in the VHF band. The values of C F> C and L F in Figure 10 are substituted into expression (4). 
The equivalent impedance L F of the gas introduction pipe 1 is 0.2 jjJH. As a result, impedance IZ 2 I in the gas introduction 
pipe 1 is about 4 k£2, whereas impedance IZ 1 I in the reaction chamber 5 is as small as about 70 CI. Thus, the plasma 
CVD apparatus 400 provides the same effect as that of the plasma CVD apparatuses 100, 200 and 300 in the first, 
20 second and third examples. 

(Example 5) 

In a fifth example according to the present invention, a plasma CVD apparatus 500 to which the present invention 
25 is applied will be described. 

As shown in Figure 11, the plasma CVD apparatus 500 includes a coil 15 acting as an impedance adjusting device 
in an intermediate portion of the gas introduction pipe 1. There is no insulative pipe provided in the plasma CVD 
apparatus 500. The coil 15 is formed of stainless steel, and has a diameter of 1/4 inch and a length of about 180 mm. 
The coil 15 has inductance L 4 . Except for these points, the plasma CVD apparatus 500 has the substantially the same 
30 structure as that of the plasma CVD apparatus 100 in the first example. 

In the plasma CVD apparatus 500, the inductance L 4 of the coil 15 is adjusted, so that impedance IZ^I in the gas 
introduction pipe 1 is greater than impedance IZ-,1 in the reaction chamber 5. 

Impedance IZ 1 1 in the reaction chamber 5 is expressed as IZ 1 l=l(27t-f)L F -1/(27t-f )C F I, and impedance IZ^ in the gas 
introduction pipe 1 is expressed as IZ 2 l=l(27i-f)(L+L 4 )l, where L is inductance of a portion of the gas introduction pipe 
35 other than the coil 15, the portion being provided at a position connected to the inductance L4 in series between a 
position having the same potential as that of the cathode electrode 2 for a DC vottage and the position having the 
ground potential. Inductance is adjusted so as to fulfill expression (5). 



40 



45 



50 



55 



|(2ic.1)L F -1/(2*.f)C F | < |(2icf)(L+L 4 )| (5) 

More specifically, inductance L 4 is set to be, for example, about 1.0 u.H, so that impedance IZ 2 I in the gas intro- 
duction pipe 1 is greater than impedance IZ-,1 in the reaction chambers. Inductance L of the rest of the gas introduction 
pipe 1 is about 0.2 jiH. The exciting frequency f is 81 .36 MHz, which is in the VHF band. The values of L F and C F in 
Figure 12 are substituted into expression (5). As a result, impedance IZ 2 I in the gas introduction pipe 1 is several 
hundred ohms, whereas impedance IZ-,1 in the reaction chamber 5 is as small as about 80 £2. Thus, the plasma CVD 
apparatus 500 provides the same effect as that of the plasma CVD apparatuses 100 through 400 in the first through 
fourth examples. 

(Example 6) 

In a sixth example according to the present invention, a plasma CVD apparatus 600 to which the present invention 
is applied will be described. 

As shown in Figure 13, the plasma CVD apparatus 600 includes an insulative pipe 9 in an intermediate portion of 
the gas introduction pipe 1. The insulative pipe 9 has a groove structure 9a on an inner surface thereof and acts as 
an impedance adjusting device. The local capacitance in the insulative pipe 9 is increased by the groove structure 9a 
and thus the resonance frequency of the insulative pipe 9 is decreased. Thus, the amount of power supplied from the 
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high frequency power generation device 3 is reduced. The power used for generating plasma in the reaction chamber 
5 is increased by such a decrease. Accordingly, plasma is generated in the reaction chamber 5 without fail. Except for 
these points, the plasma CVD apparatus 600 has the substantially the same structure as that of the plasma CVD 
apparatus 100 in the first example. 

s Exemplary dimensions of the insulative pipe 9 are as follows. The insulative pipe 9 includes a cylindrical tube 

having a length of about 15 cm and a diameter of about 5 cm. The groove structure 9a is formed of dielectrics such 
as polytetrafluoroethylene (e.g., Teflon®) having a dielectric constant of about 3.0 or alumina having a dielectric con- 
stant of about 8.5 and is provided on an inner surface of the cylindrical tube. The groove structure 9a has striped 
projections having a height of about 5 to 1 0 mm and arranged at a pitch of about 12 mm. 

io Needless to say, one or more of the impedance adjusting devices described in the first through sixth examples 

can be used in combination. 

Other impedance adjusting devices usable for the present invention include a pressure adjusting device for ad- 
justing a pressure of the reaction gas flowing in the gas introduction pipe and a flow rate adjusting device. 

In the first through sixth examples, the present invention is applied to a plasma CVD apparatus. The present 
is invention is also applicable to an etching apparatus which uses, for example, CF 4 or NF 3 as reaction gas. 

According to the present invention, an electronic device fabrication apparatus including an impedance adjusting 
device is provided in a gas introduction pipe. The impedance adjusting device allows the impedance in the gas intro- 
duction pipe to be adjusted to be greater than the impedance in the reaction chamber. Therefore, even when high 
frequency power having an exciting frequency in the VHF band or UHF band higher than the RF band is introduced 
20 from a high frequency power supply, plasma is generated in a reaction space between the cathode electrode and the 
anode electrode as desired. 

Accordingly, an electronic device fabrication apparatus according to the present invention provides high quality 
film formation or etching over a large area between the cathode electrode and the anode electrode at a high efficiency. 

Such an electronic device fabrication apparatus according to the present invention realizes improved throughput 
25 and is usable as a plasma CVD apparatus for producing, for example, semiconductor thin films or insulative films or a 
plasma etching apparatus used in the process of fabricating, for example, semiconductor devices or liquid crystal 
display devices. 

Various other modifications will be apparent to and can be readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended hereto 
30 be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 

35 1. An electronic device fabrication apparatus, comprising: 
a reaction chamber; 

a cathode electrode and an anode electrode opposed to each other in the reaction chamber; 
a gas introduction pipe introduced into the reaction chamber for supplying reaction gas into the reaction cham- 
40 ber, the gas introduction pipe being electrically connected to the cathode electrode; and 

a high frequency power generation device for applying a high frequency voltage having a high exciting fre- 
quency which is included in one of a VHF band and a UHF band to the cathode electrode through the gas 
introduction pipe for exciting the reaction gas into a plasma state, 

wherein the gas introduction pipe includes an impedance adjusting device for adjusting an impedance of the 
45 gas introduction pipe. 

2. An electronic device fabrication apparatus according to claim 1 , wherein the impedance adjusting device adjusts 
the impedance of the gas introduction pipe to be higher than an impedance of the reaction chamber. 

50 3. An electronic device fabrication apparatus according to claim 1 , wherein the impedance adjusting device includes 
an insulative pipe having an adjustable length which is provided in an intermediate portion of the gas introduction 
pipe as a part of the gas introduction pipe, and a capacitance C which is variable by adjusting the length of the 
insulative pipe is an impedance adjusting capacitance C v 

55 4. An electronic device fabrication apparatus according to claim 3, wherein the impedance adjusting capacitance 
fulfills expression (1 ): 
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|(27t-f)L F -1/(27t-f)C F |< I^Tt.fJL-l/^it.fX^I (1) 

where: 

5 

k: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as 
that of the cathode electrode for a DC voltage, 
10 C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 

and a portion having a ground potential, and 

L: inductance at a position which is electrically connected in series to the insulative pipe in the gas introduction 
pipe. 



5. An electronic device fabrication apparatus according to claim 1 , wherein the gas introduction pipe has an insulative 
pipe in an intermediate portion thereof, the impedance adjusting device includes another portion provided in the 
gas introduction pipe in serial connection with the insulative pipe, and the another portion has an adjustable length 
and has an impedance adjusting inductance L v 

6. An electronic device fabrication apparatus according to claim 5, wherein the inductance impedance adjusting in- 
ductance L-j fulfills expression (2): 



|(2 TC .f)L F -1/(27c.f)C F | < |(27i:.f)L 1 -1/(27 C .f)C| (2) 

25 

where: 

7r: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

30 L F : inductance at a position which is electrically connected in series to a portion having the same potential as 

that of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, and 

C: capacitance between the insulative pipe and the portion having the ground potential. 

35 

7. An electronic device fabrication apparatus according to claim 1 , wherein the gas introduction pipe has an insulative 
pipe in an intermediate portion thereof, the impedance adjusting device includes another portion provided in the 
gas introduction pipe in serial connection with the insulative pipe, and the another portion has an impedance 
adjusting inductance L 2 and connected in parallel to the gas introduction pipe. 

40 

8. An electronic device fabrication apparatus according to claim 7, wherein the inductance impedance adjusting in- 
ductance L 2 fulfills expression (3): 



|(27c.f)L F -1/(2n.f)C F j < |(27i.f)(1/(1/L+1/L 2 ))-1/(27i.f)C| (3) 

where: 

k\ ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as 
that of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, 

L: inductance at a position which is electrically connected in series to the insulative pipe in the gas introduction 
pipe, and 

C: capacitance between the insulative pipe and the portion having the ground potential. 
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9. An electronic device fabrication apparatus according to claim 1 , wherein the gas introduction pipe has an insulative 
pipe in an intermediate portion thereof, and the impedance adjusting device includes a groove structure provided 
on an inner surface of the insulative pipe. 

5 1 0. An electronic device fabrication apparatus according to claim 1 , wherein the gas introduction pipe has an insulative 
pipe in an intermediate portion thereof, and the impedance adjusting device includes another portion having an 
inductance L 3 which is connected to the insulative pipe in parallel. 

11. An electronic device fabrication apparatus according to claim 10, wherein the inductance impedance adjusting 
10 inductance L 3 fulfills expression (4): 

|(27c.f)L F -1/(27c.f)Cfj < |l/((27t-f)C-1/(27c.f)L 3 )| (4) 

15 where: 

n: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as 
20 that of the cathode electrode for a DC voltage, 

C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 
and a portion having a ground potential, and 

C: capacitance between the insulative pipe and the portion having the ground potential. 

25 12. An electronic device fabrication apparatus according to claim 1 , wherein the impedance adjusting device includes 
a coil having an inductance provided in an intermediate portion of the gas introduction pipe. 

13. An electronic device fabrication apparatus according to claim 12, wherein the inductance impedance adjusting 
inductance L 4 fulfills expression (5): 



30 



35 



|(2K.f)L F -1/(2*.f)Cp| < |(27cf)(L+L 4 )| (5) 



where: 



7t: ratio of the circumference of the circle to the diameter, 
f: exciting frequency, 

L F : inductance at a position which is electrically connected in series to a portion having the same potential as 
that of the cathode electrode for a DC voltage, 
40 C F : capacitance between a portion having the same potential as that of the cathode electrode for a DC voltage 

and a portion having a ground potential, and 

L: inductance of a portion of the gas introduction pipe other than the coil, the portion being provided at a 
position connected to the coil having an inductance in series between a position having the same potential 
as that of the cathode electrode for a DC voltage and the position having the ground potential. 

45 

1 4. Apparatus for performing a fabrication process in a plasma in the manufacture of an electronic device, the apparatus 
including a reaction chamber; an electrode assembly in the reaction chamber for forming a plasma; and a pipe, 
for supplying a reaction gas into the chamber, said pipe being electrically connected to said electrode assembly 
for applying a high frequency voltage to said electrode assembly from a high frequency electrical power source; 
50 wherein an impedance adjusting device is provided for adjusting the impedance of the gas supply pipe. 
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FIG. 2 
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FIG. 3 




(a) Reaction chamber 

(b) Gas introduction pipe 

(a) C F =1000pF,LF = 0.15^H, R=2ohm 

(b) Ci = 10pF, L = 0.2/tH f R=10ohm 



15 



EP 0 887 836 A2 



FIG. 5 
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FIG. 6 
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FIG. 8 




(a) Reaction chamber 

(b) Gas introduction pipe 

(a) C F =1000pF, Lf=0.15aH, R=2ohm 

(b) Ci=10pF, •L2=0.02 J uH, R=10ohm, C=30pF, L=0.2mH 
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FIG. 1 0 




(a) Reaction chamber 

(b) Gas introduction pipe 

(a) CF=1000pF,LF = 0.15/zH, R=2ohm 

(b) C=30pF, L F =0.2/zH, R=10ohm, L 3 =0.13/zH 
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FIG. 1 2 
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FIG. 1 5 
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